The early diagnosis of patients suspected of having renovascular hypertension is important because of the risk of progression to renal insufficiency due to the nephropathic ischemia caused by lesions limiting the renal artery flow.
The early diagnosis of patients suspected of having renovascular hypertension is important because of the risk of progression to renal insufficiency due to the nephropathic ischemia caused by lesions limiting the renal artery flow.
The diagnosis of arterial hypertension resulting from renal artery stenosis may be established with the following different complementary examinations: determination of selective renin in the renal vein; functional study with radioisotopes; excretory urography; determination of the peripheral renin stimulated with captopril; magnetic angioresonance; angiography; and, more recently, vascular color Doppler ultrasound.
Arteriography is the most precise method for diagnosing renal artery stenosis, but it has some limitations, such as allergic reaction and the risk of nephrotoxicity due to the contrast medium, in addition to complications inherent to the procedure and its high cost. Another important factor is that arteriography is an anatomic study, and, therefore, does not provide hemodynamic information about the renal lesions.
This study aimed at assessing the accuracy of vascular color Doppler ultrasound as compared with that of arteriography in identifying hemodynamically significant renal artery stenoses.
Methods
We carried out a prospective double-blind study at the Noninvasive Vascular Laboratory of the Hospital de Caridade of the Santa Casa de Misericórdia de Curitiba/PUCPR, to assess the accuracy of vascular color Doppler ultrasound in the diagnosis of stenotic or obstructive lesions in the renal arteries as compared with that of arteriography, which is considered the gold standard.
One hundred and thirty-seven renal arteries from 69 adult patients (30 men and 39 women) suspected of having renovascular arterial hypertension, with no distinction of complexion or biotype, and a mean age of 54 years were studied. One of the patients had undergone nephrectomy prior to the study.
The following patients with arterial hypertension of recent onset were included in the study: young individuals with no familial history of hypertension; individuals > 55 years with arterial hypertension of recent onset or abrupt lack of control; hypertensive individuals refractory to treatment; hypertensive individuals with an abdominal murmur; and individuals with predominantly diastolic arterial hypertension (> 120 mmHg). Patients with the following characteristics were excluded from the study: previous diagnosis of renal artery lesion; history of allergy to iodinated contrast me-
Objective
To assess the accuracy of vascular color Doppler ultrasound as compared with digital subtraction arteriography for identifying hemodynamically significant renal artery stenoses.
Methods
One hundred and thirty-seven renal arteries from 69 adult patients suspected of having renovascular arterial hypertension were prospectively studied with ultrasound. The results obtained were compared in a double-blind manner with those obtained on digital subtraction arteriography, and the following parameters were calculated according to previously defined criteria: sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy.
Results
The inconclusive results (7 arteries) were excluded. The comparison of the 2 methods in regard to the 130 remaining arteries showed concordant results for 116 (89.2%) arteries and discordant results for 14 (10.8%) arteries. The sensitivity, specificity, positive predictive value, negative predictive value, and overall accuracy of vascular color Doppler ultrasound were, respectively, 95.33%, 88.14%, 89.86%, 94.55%, and 91.94%.
Conclusion
A good correlation between the 2 examinations was observed in the evaluation of the hemodynamically significant renal artery stenoses, making vascular color Doppler ultrasound a noninvasive method useful for selecting patients with suspected renovascular hypertension.
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All patients accepted in the study underwent ultrasonography and arteriography, and the radiologists and ultrasonographers ignored the previous diagnosis. The ultrasound and arteriography of the same patient were interpreted in a double-blind manner according to previously defined interpretation criteria. The interval between ultrasonography and arteriography did not exceed 30 days.
The anatomical and hemodynamic assessment of the lesions in the renal arteries with vascular color Doppler ultrasound was performed according to the direct technique with the patients in the supine position with low-frequency curve transducers (2 to 3.5 MHz) to allow greater penetration (10-12 cm) of the ultrasound beam.
For flow assessment, a small color box was maintained with an appropriate depth for maximizing the number of frames per minute (frame rate) and a frequency of pulse repetition adequate for the structure to be analyzed. The gain and color filter were adjusted to allow adequate color-flow mapping.
The pulsed Doppler was positioned in the area of interest in the center of the vessel in normal arteries or in the site of the hemodynamically significant alteration, represented by the increase in flow velocities and turbulence. The volume sample was adjusted for the size of the vessel, avoiding contamination with information from other neighboring structures, mainly respiratory movements. For the abdominal aorta and major renal arteries, the angle of incidence of the pulsed Doppler was maintained close to 60º. The gain, the filter, and the scales of the velocity curves of the pulsed Doppler were adjusted to provide an adequate curve for measuring velocities.
Anatomically, the renal arteries originate perpendicularly from the proximal segment of the abdominal aorta and travel towards the kidney in an angle of approximately 60º. Therefore, the origin and the proximal segment of the renal arteries were longitudinally assessed on a transverse section of the abdominal aorta in the epigastric region ( fig. 1) . Based on the section in the epigastric region, depending on the anatomy and biotype of the patient, sometimes almost the entire extension of the renal arteries can be assessed. The distal segments and the hilum of the renal arteries, as well as the measurement of the renal size in the respective lumbar regions, were assessed with longitudinal and transverse sections.
Once the renal arteries were identified on color-flow mapping in the longitudinal section, the volume sample of pulsed Doppler was located for spectral analysis and routine measurement of the systolic and diastolic velocities in the origin or any other segment of the vessel that showed flow alterations in color-flow mapping, always with correction of the Doppler insonation angle to 60º.
The systolic velocity in the abdominal aorta was obtained in the longitudinal section in its proximal segment at the level of the origin of the superior mesenteric artery, also respecting the Doppler insonation angle of 60º, for calculating the renal-aorta index, ie, the relation between the systolic velocities of the renal arteries and the abdominal aorta.
Considering the criteria of Strandness Jr 1 (tab. I) for the absolute values of the systolic velocity in the renal arteries, the renalaorta index, and the renal size, the renal arteries were classified as follows: normal, with moderate stenoses (< 60%), with hemodynamically significant stenoses (> 60%), and obstructed.
The examinations were performed preferably in the morning, and the patients were recommended to observe a 12-hour fasting period.
Anatomical assessment of the arterial obstructions based on the arteriographic image was performed with the digital subtraction technique, with selective arterial catheterization through femoral artery puncture, studying the renal arteries and the renal parenchyma, as well as the excretion of the contrast medium.
Measurement of the degree of renal artery stenosis was obtained through the relation between the diameter of the normal artery and the impaired segment of the vessel. The normal renal arteries appeared contrasted in their entire extension with regular walls, including the visualization of the intraparenchymatous arteries. The stenoses were quantified as moderate, when the anatomical reduction in the diameter of the arterial lumen did not exceed 60%, and significant, when the anatomical reduction in the diameter of the arterial lumen exceeded 60%, with a reduction in the renal excretion of the contrast medium. In the obstructions, the renal artery was not contrasted in its usual topography and no contrast medium was observed in the renal parenchyma.
For the arterial ultrasonographic study, the Siemes-Sonoline Elegra ® image and flow device (echoDoppler) with Doppler colorflow mapping was used. For the arteriographic study, the Siemens Angioscopy ® digital image subtraction device was used. The findings of the ultrasonographic study of the stenoses and obstructions of the renal arteries were compared with the arteriographic findings. The minimum sample size was calculated for the inclusion of 50 renal arteries in the study.
The indices of quality (sensitivity, specificity, accuracy, and positive and negative predictive values) for vascular color Doppler ultrasound were calculated for differentiating hemodynamically significant stenosis (> 60%) from moderate stenoses and normal arteries, considering arteriography the gold standard. Fig. 1 -Position of the transducer in the epigastric region for assessing the origin of renal arteries. 
Results
Based on previously defined criteria, of the 137 renal arteries assessed on vascular color Doppler ultrasound, 43 (31.3%) were considered normal, 11 (8.1%) had moderate stenoses, 70 (51.1%) had hemodynamically significant stenoses, 7 (5.1%) were obstructed, and in 6 (4.4%) arteries the examination was inconclusive.
The arteriographic findings were as follows: 50 (36.5%) renal arteries were normal, 10 (7.3%) had moderate stenoses, 67 (48.9%) had hemodynamically significant stenoses, 9 (6.6%) were occluded, and in 1 (0.7%) the examination was inconclusive.
After excluding the inconclusive examinations (7 arteries), the comparison of the methods in the remaining 130 arteries showed 116 (89.2%) concordant results and 14 (10.8%) discordant results.
Of the 116 arteries with concordant results, 40 were considered normal, 6 were moderately stenotic, 63 were hemodynamically significantly stenotic, and 7 were obstructed ( fig. 2) .
Of the 14 renal arteries with discordant results, 9 were falsepositive and 5 false-negative on vascular color Doppler ultrasound as compared with arteriography. For all 9 arteries whose results were considered false-positive, the systolic velocity detected was greater than 200 cm/s, and in 5 of them the renal-aorta index exceeded 4. The arteries whose results were considered falsenegative had renal-aorta indices lower than 3.5 and systolic velocities close to 200 cm/s.
Considering arteriography as the gold standard and meeting the predefined criteria of vascular color Doppler ultrasound, the differentiation of the hemodynamically significant stenosis (> 60%) from the moderate stenoses and from the normal arteries showed the following values of sensitivity and specificity, positive and negative predictive values, respectively, 95.33%, 88.14%, 89.86%, and 94.55%. The overall accuracy of the procedure as compared with that of arteriography was 91.94%.
The 6 (4.4%) cases considered inconclusive on vascular color Doppler ultrasound had technical limitations in the identification and analysis of the origin and proximal segment in 4 arteries, and difficulties occurred in interpreting the elevated velocities in 2 arteries. In 1 case, the presence of an aneurysm of the juxtarenal abdominal aorta caused difficulties in the study of the renal artery on arteriography.
Discussion
The major objective of the complementary examinations in the investigation of patients with renovascular hypertension is to identify the anatomic lesions in the renal arteries and their branches, and to determine which of these lesions will be physiologically significant, ie, responsible for the activation of the reninangiotensin system. Haimovici and Zinicola 2 reported that stenoses greater than 60% of the diameter of the renal arteries of dogs caused a reduction in the renal perfusion pressure and the absence of a nephrogram on excretory urography, being, therefore, physiologically significant lesions.
Although arteriography has an interobserver variation between 79 and 87%, it is considered the examination of choice for the anatomical diagnosis of stenotic or obstructive lesions of the renal arteries. However, in addition to not providing hemodynamic information, a 1.8 to 9% risk of complications related to arteriography, both systemic and local, exists [3] [4] [5] [6] [7] . Therefore, a noninvasive method of selection that may identify the anatomic and hemodynamically significant lesions of the renal arteries is required.
The use of vascular color Doppler ultrasound for the diagnosis of vascular diseases has been extended in recent decades with improvement in the sensitivity of the equipment and use of colorflow mapping. The direct criteria of the examinations for the diagnosis of renovascular hypertension are based on measurement of the velocities in the renal arteries, on the renal-aorta index, and on renal size.
Several authors have proposed values between 100 and 200 cm/s for the peak systolic velocity. Authors, who considered a velocity > 100 cm/s as a parameter, had low accuracy indices, but a high index of inconclusive examinations, denoting individual technical limitations in the study of the renal arteries on vascular color Doppler ultrasound 8, 9 .
Authors using values of peak systolic velocity > 180 cm/s had better accuracy indices and fewer technical limitations. According to the initial studies at Washington University, a renal-aorta index ≥ 3.5 indicates hemodynamically significant renal artery stenosis [13] [14] [15] . Mirales et al 11 proposed a value > 3.3 for this criterion, but with values of sensitivity and specificity similar to those of the Washington group 11 . Our results of vascular color Doppler ultrasound compared with those of arteriography for identifying hemodynamically significant stenoses showed indices of quality, indicating sensitivity, specificity, positive and negative predictive values, and overall accuracy of 95.38%, 88.14%, 89.86%, 94.55%, and 91.94%, respectively, with referential criteria of velocity of 180 cm/s and renal-aorta index of 3.5. These values are similar to the following variations reported in the literature: sensitivity between 67 and 98%, specificity between 89 and 100%, positive predictive value between 85.7 and 98%, and negative predictive value between 92.5 and 98% 3, 5, 6, 9 . Still in our study, the results of 14 renal arteries found on vascular color Doppler ultrasound and arteriography disagreed, 9 being false-positive and 5 false-negative. In all 9 arteries whose results were false-positive, the systolic velocity detected exceeded 200 cm/s, and, in 5 of them, the renal-aorta index was greater than 4. These values, therefore, met the criteria required for the diagnosis of hemodynamically significant stenosis, although they were not confirmed on arteriography. The arteries whose results were false-negative had renal-aorta indices lower than 3.5 and systolic velocities close to 200 cm/s, compatible with moderate stenoses; on arteriographic interpretation, however, they were considered hemodynamically significant stenoses.
The technical limitations of color Doppler ultrasound reported in up to 15% of the cases in the literature may relate to the anatomic variations in renal vascularization, such as early ramification, accessory renal artery, and polar arteries, or may relate to difficulties in performing the examination in patients with cardiac arrhythmias, severe respiratory diseases, morbid obesity, or an excessive amount of gases. Previous gastrointestinal preparation, ability of the examiner, and time for performing the examination are factors that contribute to reducing the percentage of inconclusive examinations 11 . Our inconclusive cases (4.4%), compatible with the figures in the literature, relate to the previously cited factors. As the objective of the study was to assess the accuracy of the method in differentiating the hemodynamically significant stenoses, the inclusion of these cases could alter the overall accuracy of the method (although they represent only 5% of the total case series) without directly interfering with the specific study of the hemodynamically significant stenoses.
In conclusion, the experience of the vascular ultrasonographer with the direct technique for renal artery evaluation, the adequate use of diagnostic criteria and the use of sensitive equipment enable the reliable study of most patients suspected of having renovascular hypertension. Because vascular color Doppler ultrasound is a direct noninvasive diagnostic method that has good accuracy, it may be used as a routine examination for selecting patients suspected of having renovascular hypertension for undergoing arteriography.
